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ABSTRACT 
 
Experiments were undertaken to study effect of initial conditions on the expansion 
ratio of two grains in a laboratory scale, single speed, single screw extruder at 
Naresuan University, Thailand. Jasmine rice and Mung bean were used as the 
material. Three different initial moisture contents were adjusted for the grains and 
classified them into three groups according to particle sizes. Mesh sizes used are 
12 and 14. Expansion ratio was measured at a constant barrel temperature of 190o 
C. Response surface methodology was used to obtain optimum conditions 
between moisture content and particle size of the materials concerned. 
 
INTRODUCTION 
The extrusion process is one of the most versatile and energy-efficient processes which widely used 
in the food industry today.  A wide range of products can be produced using the same basic 
principles including expanded snacks, breakfast cereals, pastas, infant foods, confectionary, 
textured vegetable protein, and flavour compounds. Extrusion cooking is also provide a large 
advantage such as higher throughputs, less labour, reduced energy input, reduced wastage, and 
reduced effluents which resulted in lowering the production costs.(Young, 2005) 
Extrusion cooking is a process which involves the plasticizing and cooking of feed ingredients in 
the extruder barrel by a combination of pressure, heat and friction.  The changes in chemical and 
physical characteristics of the products strongly depend upon process variables such as extrusion 
temperature, screw speed and moisture content (Mercier & Feillet, 1975);(Mercier, Charbonniere, 
Grebaut & de la Gueriviere, 1980)   (de Cindio, Gabriele, Maria Pollini, Peressini & Sensidoni, 
2002). 
The type of ingredients (e.g. starch and protein) feed moisture content and process variables (e.g. 
barrel temperature, screw speed, and feed rate) influence physical characteristics of extrudates 
(Bhattacharya & Hanna, 1987).  
During extrusion, molecules in foods are exposed to heat and shear force, causing chemical 
reactions and consequently changes in component structure. These changes include gelatinization 
and dextrinization of starch and denaturation, realignment and cross-linking of proteins (Harper, 
1981). 
Types of starch vary in the size, shape, and gelatinization properties of granules. These differences 
and the ratio of amylose to amylopectin influence extrudate quality (Harper, 1981) (Chinnasawamy 
& Hanna, 1988) observed that different optimum process conditions can be attained depending on 
types of starch. An increase in degree of gelatinization of wheat and corn starch during extrusion 
resulted in increased expansion and decreased bulk density. 
The main objective for this experiment was to investigate the physical characteristic of extrudates 
from rice and mungbean.  Expansion ratio of the products was determined. 
 
MATERIALS AND METHODS 
Raw material 
Broken Jusmine rice and dehulled mungbean which purchased from the local supermarket was 
grounded and passed through the 12 and 14 mesh sieves.  Three group of particle sizes, < 12 mesh, 
12-14 mesh and >14 mesh were obtained.  The feed moisture content was adjusted to the specified 
moisture content by spraying a calculated amount of water and mixed thoroughly to get a uniform 
moisted samples in plastic bag and left overnight before experimental runs.  The samples were fed 
to the locally made single screw extruder to produce an extrudate samples. 
Feed moisture content 
Three levels of feed moisture contents of 15, 17.5 and 20% were investigated.  The material was 
determined for its initial moisture content and the amount of moisture to be added was calculated 
and mixed thoroughly in a plastic bag to equilibrate the material before extrusion commences. 
Particle size 
Three particle sizes of the feed were prepared by sieving the grounded material with sieve mesh of 
12 and 14 mesh to obtain three particle sizes of smaller than 14 mesh, 12-14 mesh and larger than 
12 mesh. 
Extrusion conditions 
Material was introduced to the extruder at a rate of 1 kg/min.  Before material introduction, extruder 
barrel is heated to the required temperature of 190 oC.  The cutter speed is adjusted to obtain the 
required length of extrudate. 
Expansion ratio 
Ten pieces of the exudates were measured for its diameter using the Vernier caliper with a 
resolution of 0.01 mm.  The samples were dried at 60oC for 30 min. in a cabinet dryer before 
measurements.  The experiments were run in triplicate.  Expansion ratio was calculated as cross-
sectional area of the extrudate divided by the cross-sectional area of the die opening. 
Statistical analysis 
The analysis of variance (ANOVA) was carried out using SPSS software.  The means of these 
results were compared.  Response surface methodology was applied to the expansion data using 
statistical package, Excel.  A second order polynomial was fitted to the data to obtain a regression 
equation showing the importance of each operational variable and their interaction on expansion.  
Response surface plots were generated with the same software. 
 
RESULTS AND DISCUSSION 
Expansion ratio 
Effect of feed moisture contents and particle sizes on expansion ratio of the extrudates from rice and 
mung bean were studied.  Results are summarised in table 1 and 2. 
The ER of the products produced from rice was shown in Table 1.  It was found that the ER of the 
product was the highest value of 9.38 at the low moisture content of 15% and trend to decrease 
when the feed moisture contents increased.  The ER of the feed moisture contents of 17.5% and 
20% were 8.69 and 4.54 respectively.  The feed moisture content of the value higher than this was 
impossible to be extruded due to it was blocked in the barrel. 
 
Table 1. Effect of feed moisture contents and particle sizes on expansion ratio of rice products 
Particle size (mesh) Expansion ratio 
 15% MC 17.5% MC 20% MC 
<14 mesh 9.38 a 8.69 a 4.54 d 
12-14 mesh 6.46 c 6.74 bc 7.54 b 
>12 mesh 7.41 b 7.70 b 6.90 bc 
Means with the same letter are not significantly different at a P≤0.05 level 
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Figure 1. Expansion as a function of moisture and size for rice grits. 
 
Effect of the particle size of the feed was also investigated.  It was found that the ER of the smaller 
feed particle size showed a higher value of ER than that of the bigger particle sizes.  At the feed 
moisture content of 15%, the feed of the particle size smaller than 14 mesh showed the maximum 
ER value of 9.38 while as the feed particle sizes of 12-14 mesh and larger than 12 mesh were 6.46 
and 7.41 respectively. 
Response surface of the ER for rice was shown in Figure 1.  The maximum ER was high when the 
particle is small and moisture content is low.  For the larger particle, the ER trend to be low at low 
moisture content and trend to increase when the moisture content increased. 
Table 2 showed the effect of moisture contents and particle sizes on expansion ratio of mung bean 
products.  Results showed that the feed of the low moisture content of 15% showed a higher ER 
ratio than that of the higher moisture contents with the value of 25.89.  The ER decreased as the 
moisture content increased and at the moisture content of 20% the ER was 24.81 
Table 2. Effect of feed moisture contents and particle sizes on expansion ratio of mungbean products 
Particle size (mesh) Expansion ratio 
 15% MC 17.5% MC 20% MC 
<14 mesh 25.90 b 26.50 ab 24.81 bc 
12-14 mesh 30.40 a 25.78 b 21.41 c 
>12 mesh 13.90 d 23.25 bc 15.30 d 
Means with the same letter are not significantly different at a P≤0.05 level 
 
The ER trended to increase as the particle size decreased.  Form Table 2, it is clearly seen that the 
ER of the smaller particle was higher than that of the bigger particle size.  The product produced 
from the feed particle size of smaller than 14 mesh showed a higher ER than that of the product of 
the feed particle size of bigger than 12 mesh.  It was found the same trend in all moisture contents 
studied.  At the moisture content of 20%, the feed particle size of <14 mesh showed the highest ER 
of 24.81 while as the ER of the products of particle sizes of 12-14 mesh and >12 mesh were 21.41 
and 15.30 respectively. 
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Figure 2. Expansion as a function of moisture and size for mungbean grits. 
Response surface plots of ER for mung bean were shown in Figure 2.  The maximum ER was high 
when the particle is small.  For the larger particle, the ER trend to be low at low moisture content 
and trend to increase when the moisture content increased. 
 
CONCLUSIONS 
The feed moisture content and particle size were affected on the extrudate characteristics of rice and 
mungbean products.  The lower feed moisture content provided a better characteristic in terms of 
high expansion ratio, low in bulk density and hardness.  While as the small particle sizes tended to 
show better product characteristics in terms of expansion and texture.  The suitable feed moisture 
content should be lower than 17.5% and particle sizes of smaller than 12 mesh. 
 
NOTATIONS 
MC  moisture content    kg/kg db 
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